Background: Postoperative nausea and vomiting (PONV) are among the most frequent complications following laparoscopic cholecystectomy. Recently, some studies have shown ginger, as an herbal medicine, to be effective and safe in PONV prevention; however, there is no evidence of its efficacy in the Iranian population. Objective: The aim of this study was to determine the effect of oral ginger on PONV prevention after laparoscopic cholecystectomy. Methods: This double-blind, randomized, placebo-controlled clinical trial was performed on women who were undergoing laparoscopic cholecystectomy in Imam Raza Hospital, Mashhad, Iran between April and November, 2016. Patients were divided randomly into two groups of G) intervention group (n=75, received 2 capsules containing 250 mg ginger) and P) placebo group (n=75, received 2 placebo capsules) one hour before surgery. Nausea severity and vomiting frequency were evaluated at 2, 4, 6, and 12 hours after the operation. Data analysis was done by SPSS version 16.0 software with Chi-square test, Independent-sample-t-test, repeated measure ANOVA and Mann-Whitney U test. Results: The two groups were homogenous in terms of age, gender and surgery duration. The severity of nausea was lower in the ginger group at the 2, 4, 6, and 12 hours after the operation; however, these differences were statically significant only at 2 (p=0.034) and 12 hours (p=0.043). Although the incidence of vomiting was higher in the placebo group in the 2nd and 12th hours after surgery, the number of vomiting episodes in 2, 4, 6 and 12 hours after surgery was statistically similar in the two groups (p>0.05). The nausea severity was significantly changed during 12 hours of study in both groups (p=0.001), however the nausea severity was always lower in the ginger group (p=0.078). Conclusion: This study demonstrated that 500mg oral ginger one hour before surgery in women who were undergoing laparoscopic cholecystectomy is effective in decreasing severity of PONV.
Introduction
Postoperative nausea and vomiting (PONV) are among the most frequent adverse effects after general anesthesia (1). This side issue is seen after almost all surgeries, including laparoscopic surgeries with an incidence of 28% to 75% (2, 3). Post-operative uncontrolled PONV can lead to major complications such as dehydration, wound dehiscence, electrolyte disturbance, high blood pressure, aspiration pneumonitis, and consequently, delay in discharge, increased healthcare costs and patient dissatisfaction (4-6). Although different anti-emetic medications are currently used for the treatment of PONV, such as droperidol, metoclopramide, and ondansetron (7, 8), these agents are also often associated with a variety of side effects including long QT syndrome and extrapyramidal symptoms (7, 9). Thus, investigations for finding newer medications and procedures with fewer side effects are still ongoing (10-12). Nowadays, herbal medicines have been commonly used for treatment and prevention of different diseases, for the reason of safety, efficacy, availability, affordability, and minimal side effects (13, 14) . According to World Health Organization (WHO) reports, more than two thirds of people around the world use herbal medicines, such as ginger, as a nonmedical antinausea treatment (12). Ginger (Zingiber officinale Roscoe), as an herbal medicine, has been considered as a nonpharmacological option in several conditions such as gastro-intestinal complaints, arthritis, cancer prevention, and atherosclerosis (15) . Moreover, ginger has been recently recommended as a safe agent, due to its medicinal properties related to gingerols and shogaols, in various circumstances such as morning sickness, motion sickness, pregnancy and chemotherapy induced nausea, and PONV (15) (16) (17) . The mechanism of ginger action as an antiemetic agent is still not clear, yet some reports demonstrated that it has direct effect against serotonin receptor (14, 18, 19) . Although different clinical studies have shown the anti-emetic effect of ginger for prevention of PONV (11, 20) , there were also findings against its efficacy after laparoscopic surgeries (21) . Moreover, according to the latest review article, "further studies are required before firm recommendations for ginger use can be made" (11). Besides, considering the varying responses to medicines in patients with varied ethnicity and race, the clinical effectiveness of ginger in postoperative management of PONV should be evaluated in different countries before its application (22) . According to our knowledge, few studies have demonstrated the clinical efficacy of ginger for prevention of PONV after surgery in the Iranian population; however, the evidence for cholecystectomy is completely limited (20, (23) (24) (25) (26) . Moreover, the previous studies have investigated the effect of a high dose of ginger, mostly 1 gr, on PONV prevention, and the question if ginger is still effective in lower doses is still unclear (27) . The aim of this study is to determine the effect of oral ginger on the prevention of PONV after laparoscopy in the early post-operative period.
Material and Methods

Trial design and setting
This double-blind, randomized, placebo-controlled clinical trial was performed on female patients who electively underwent laparoscopic cholecystectomy at the Department of General Surgery, Imam Raza Hospital, Mashhad, Iran, between April 2016 and November, 2016.
Selection criteria
Inclusion criteria were: 1) age less than 65 years old, 2) body mass index of lower than 35 kg/m2, and 3) ASA class I or II. Patients were excluded if they have 1) history of smoking, addiction and alcohol usage, 2) chronic nausea and vomiting (NAV) , 3) an NAV during the last 24 hours, 4) history of PONV , 5) motion sickness disease, 6) vestibular diseases, 7) anti-emetic agents' usage before surgery, 8) prolonged surgery (more than 90 minutes), 9) urgent surgery, 10) history of chronic diseases such as diabetes, kidney diseases, liver disease, heart diseases, and 11) pregnancy.
Sampling
The sample size was estimated to be 62 subjects in two groups of 31. This sample size was calculated based on the results of previous meta-analysis (27) by assuming the test power of 80% and a confidence level of 95% and using the following formula:
, Where: n = Sample size, Z1-α/2=1.96. α=5% for two-sided test. Z1-β=0.842, β=20% (test power =80%), and P=probability of the main outcome. Simple random sampling was used for reaching the adequate number of patients by means of computer generated codes.
Randomization and blinding
Patients were randomly allocated to receive ginger (G group) or placebo (P group) on a 1:1 ratio. A researcher who had no responsibility in the study protocol, did the randomization. The randomization sequence was created by computer-generated random numbers. For this purpose, the numbered envelopes that contained the name of the agents (ginger or placebo) were used. Medications were delivered to the patients by a researcher who was not aware of anti-emetic agents. Moreover, all the baseline characteristics including age, body mass index, surgery duration, and outcomes were recorded by the researcher without knowledge to groupings. Patients were also not aware about their anti-emetic agents. So, it was a double blinded placebo controlled clinical trial.
Allocation and Interventions
Group G received 2 capsules of 250 mg ginger (Zintoma Herbal Capsule, Gol Daru Company, Iran). Group P received 2 isoshape, isosmell, and isocolor capsules as placebo. Both groups received their medications one hour prior to surgeries. After a routine preparation, anesthesia was performed in the same manner in all patients. Participants underwent fasting diet for 8 hours before surgery. Patients received midazolam 0.04 mg / kg, fentanyl 3μg / kg, as premedication, and crystalloid fluid 10cc/kg before induction of anesthesia and then underwent induction with 2mg/kg propofol and atracorium 0.5mg/kg. Anesthesia was maintained with propofol 100-200μg/kg/min. During operation, blood pressure, heart rate, electrocardiogram (ECG), SPO2, end-tidal carbon dioxide (Etco2) was monitored. Decrease or increase of heart rate and blood pressure over 20% was treated with 20% decrease or increase in dose of propofol. Muscle relaxation was done with atracorium 0.04-0.02 mg/kg. Following the end of surgery, patients were extubated and transferred to the recovery room. Patients received 30-40 cc/kg of crystalloid fluid during the next 24 hours after surgery. All patients received a single approach for laparoscopic cholecystectomy operated by one single surgeon.
Nausea and Vomiting
The severity of nausea and the number of episodes of vomiting in 2, 4, 6 and 12 hours after surgery were evaluated and recorded. In order to evaluate severity of nausea, the 11-point numerical rating scale (NRS) was used; the patients were asked to rate the severity of their nausea from zero (no feeling of nausea) to 10 (the highest feeling of nausea). Patients were informed about the NRS in relation to the nausea feeling. Vomiting was defined as severe mobility of the gastrointestinal tract which leads to the forceful exit of the contents of the digestive tract from the mouth. Aside from the vomiting numbers in each period of time, the incidence of vomiting, in each 4 periods of time were recorded. Every patient who showed the side effects of the used drug were excluded and underwent proper treatment. Intravenous ondansetron 4 mg was given to patients who complained of post-operative nausea (NRS>4) and vomiting despite receiving a dose of prophylactic antiemetic medication during the operation, and then the patients were assessed after half an hour.
Outcomes
The first outcome of this study was the compared severity of nausea in patients receiving ginger and placebo undergoing laparoscopic cholecystectomy. The second outcome was the compared incidence of vomiting and the number of vomiting in each period of time between these two groups.
Ethics
This study was approved by the Ethical Research Committee of Mashhad University of Medical Sciences (Code: IR,MUMS.sm.REC.1394.358). This study was registered in the Iranian Registry of Clinical Trials (irct.ir) with the ID: IRCT2016122222218N2. All participants were informed about the aims and the nature of current study, and each participant provided her written consent form prior to the study. All the participants' information was kept confidential. Patients were eligible to leave the study at any phase of the research program.
Statistical methods
The data were analyzed using IBM SPSS Statistics for Windows (Version 19.0. Armonk, NY: IBM Corp.). First, the normality of the variables' distribution was examined using the K-S test. Quantitative variables were reported with mean ± standard deviation and qualitative variables with frequency and percentage. The severity of PONV was compared between the two groups by independent-samples t-test or and Mann-Whitney U test and the incidence of vomiting with Chi-square. The repeated measure ANOVA was recruited to compare the changes trend in nausea severity. P-value<0.05 was considered as significant.
Results
Baseline Characteristics
Initially, a total of 164 female participants with a mean age of 39.9±11.6 years were assumed eligible for the study. Fourteen participants were excluded from the study and finally this study was conducted on 150 patients in two groups of G (n=75) and P (n=75) (Figure 1 ). There was no significant difference between two groups in terms of age, body mass index, and surgery duration (Table 1 ). 
Nausea and Vomiting
The severity of nausea was lower in the ginger group than the placebo group, but it was only significant between the two groups in 2 hours (p=0.034) and 12 hours (0.043) after surgery ( Table 2 ). The nausea severity was significantly changed during 12 hours of study in both groups (P=0.001), however the nausea severity was always lower in the ginger group (p=0.078) (Figure 2 ). The incidence of vomiting in the ginger group was also lower in comparison with the placebo group; however, only in the 2 nd (p=0.017) and 12 th (p=0.044) hours after surgery was it statically significant (Table 3) . Moreover, there was no difference between two groups regarding the number of vomiting in 2, 4, 6, and 12 hours after surgery (Table 4) . Thirty-one participants (41.3%) of group G and 35 participants (62.6%) of group P received ondansetron for their PONV during the study (p=0.511). Figure 2. The differences of severity of nausea in patients receiving ginger and placebo undergoing laparoscopic cholecystectomy based on the numerical rating scale (0-10) assessment (vertical axis) during 12 h (horizontal axis) after surgery.
Discussion
This study was conducted to evaluate the efficacy of ginger for PONV prevention in patients undergoing laparoscopic cholecystectomy, and the main findings revealed that this agent seems to be clinically and sometimes, statistically effective. PONV is one of the most annoying complications following general anesthesia, mainly in laparoscopic surgery (28, 29) . Also in our study, according to the time of data recording, the incidence of PONV was somehow similar to the previous studies, around 20-70% (1). Interestingly, this incidence was around 10% to 50% in our patients receiving ginger; which showed a reduction of about 10% PONV. Although, only in the 2nd and 12th hours after operations, the differences between two groups of ginger and placebo were statistically significant, but we could find a lower incidence of PONV in all 4 points of data entry in the ginger group, which was clinically meaningful. We did not only compare the PONV incidence between the two groups, we compared the severity of nausea and the frequency of vomiting, which supported the idea of the preventive effect of ginger in PONV.
Although the mechanism of ginger action on the PONV prevention is not clear yet, anti-serotoninergic and serotonergic 5-HT3 effect of ginger extract, as well as M3 and 5-HT4 receptors antagonisms, are the possible ways of action in this aspect (30) . In our study, based on both quantitative and qualitative analyses, patients who received ginger had lower complication in terms of PONV. Although, most of the available studies are in line with our findings (23) (24) (25) 31) , a few studies disagreed with our results (32-34). Montazeri et al. have showed that 4 capsules containing 250 mg of ginger, compared with placebo given one hour before surgery in patients who had undergone surgical procedure, significantly reduced the mean nausea score at 2 hours after surgery (35) . But similar to our study, it had no significant effect on nausea at 4 and 6 hours after surgery. In another study which was performed by Nanthakomon et al., ginger was effective significantly on reducing nausea at 2 and 6 hour after gynecologic surgery (36) . In a Kalava et al. study, one gr of ginger capsule was only significant effective on decreasing the number of episodes of intraoperative nausea after elective cesarean-section; but it had no effect on PONV reduction (37) .
Another study also showed that ginger had a significant effect on nausea only, and it had no effect on vomiting (35) .
Other similar studies which were performed by Apariman et al. and Phillips et al. reported that ginger (1.5 gm and 1 gm, respectively) was post operatively effective in reducing nausea and vomiting compared with placebo (38) . Also, Hosseini et al. investigated the effect of drops of ginger on PONV either in open or laparoscopic surgeries, and reported that ginger was significantly effective on reducing PONV (25) . On the other hand, a meta-analysis on six different clinical trials showed that ginger had no antiemetic impact on PONV setting (32) . Also, Arfeen et al. randomized 108 women who received ginger 0.5 gm, ginger 1 gm, and placebo before laparoscopic surgery; showing that the difference between ginger and placebo groups considering PONV was not significant (39) . Furthermore, Eberhart et al. did not show any benefits of ginger for the prevention of PONV after laparoscopic surgery (34).
It seems that a variety of factors lead to the similarity or differences between our findings and the other studies. First of all, we believe that a different regimen of ginger was one of the possible causes. Most of the previous studies had investigated a high dose of ginger, more than or equal to 1 gr, but in our study and the Soltani et al. study, a lower dose of ginger, (500 mg) was prescribed (23, 24, 31) . Moreover, we have compared ginger versus placebo, however, some other studies have evaluated ginger versus ondansetron or some other anti-emetic agents (1, 11). Different races, different times of data entry, and of course different methods of assessment of PONV were the other causes of variances between studies (20, 24, 27, 40) . One of the biggest limitations of our study, was referred to our study population. This study was conducted on one gender, only women, since it was stablished that female gender is a risk factor for a higher rate of PONV. In this regard, we cannot extend our findings to whole population of patients undergoing laparoscopic cholecystectomy. Moreover, our study was a single center study; which has limited the power of our findings. Lastly, we did not measure some other factors such as pain, and their possible effects on PONV.
Conclusions
In the current study, we used 500 mg of ginger one hour before laparoscopic cholecystectomy, and the findings reveled an optimal prevention of PONV. However, we believe that the use of a higher dose of ginger in combination with other antiemetic drugs could be more effective in reducing PONV. Although ginger is known as an effective, safe, and available agent in prevention of PONV, more clinical trials in different clinical settings are required for finding the most effective dosage. 
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